The project
A detailed review of the methodology is reported elsewhere. 1 In brief, the project leads established a network of local reporters in all anaesthetic departments in UK National Health Service (NHS) hospitals believed to be performing surgery. In addition efforts were made to recruit a local reporter in every ICU. In total, 286 anaesthesia local reporters were appointed from 309 UK hospitals, with some reporters representing more than one hospital. In addition, 118 ICU local reporters (for 253 UK ICUs: 47%) were recruited. Anaesthesia local reporters were encouraged to report cases from ICU when there were no additional local reporters.
The local reporters were tasked with supporting the project at the local level and assisting in ensuring all cases which met inclusion criteria were identified and fully reported to the project. Inclusion criteria for complications in ICU were the same as for complications during anaesthesia: An expert review panel examined each submitted clinical report. The panel incorporated representatives from all specialties involved in the project including the Intensive Care Society. Case review was a structured process, the review panel specifically considered cases under the categories described in Table 1 . Contributory or causative factors were identified as were factors considered to have had a positive effect. Aspects of the care were analysed for learning points and pertinent cases were selected to act as illustrations of clinical care for inclusion in a detailed report of the project. Airway management was classified as good, poor, mixed (ie elements of both good and poor management) or unclassifiable.
A total of 286 cases were initially reported, 79 reports were withdrawn after review of the case inclusion criteria by the RCoA leads, and the remaining 207 cases were reviewed by the review panel. After final review, 184 reports met the inclusion criteria. Of the 184 reports, 133 complicated the management of anaesthesia, 36 occurred in patients on ICU and 15 in the ED. It was not possible to provide a denominator of number of intubated patients in ICUs. It is probable that the audit missed more ICU than anaesthesia cases, and possible that these 36 cases represent only a fraction of relevant cases.
The ICU cases
The 36 cases reported from intensive care units represent less than 20% of the total number of cases reported to NAP4. However, 22 of these patients died (n=18) or suffered persistent neurological injury (n=4) as a result of the airway complication (61%), a rate much higher than complications during anaesthesia (14%) or in the ED (31%).
Airway complications could be divided into the following categories:
• failed intubation or unrecognised oesophageal intubation • airway displacement, including tracheostomy • haemorrhage • airway problems during transfer • late complications of tracheostomy.
There were two cases that did not fit into these categories. In both patients, previously placed tracheal stents became displaced on attempted intubation or reintubation; both patients died as a result.
Failed/oesophageal intubation
In ten reports, patients either could not be intubated (n=6) or re-intubated when accidentally extubated (n=2). One patient had a planned extubation but developed respiratory obstruction and could not be re-intubated. In several patients with a recognised potentially difficult airway, intubation was delayed until the patient was in extremis, exacerbating an already difficult situation, in some cases out of hours. There was evident failure on occasions firstly to recognise potential difficulty and secondly, to have a back-up plan for patients at risk of difficult intubation. Finally, some plans were established but equipment or skilled staff to carry out the plan were not available when needed. Five of these patients deteriorated to the 'can't intubate, can't ventilate' scenario. Five had an attempted cannula cricothyroidotomy but in three cases insertion failed, and in another the patient developed significant surgical emphysema. Failed intubation was managed with surgical tracheostomy in six cases.
Four patients suffered unrecognised oesophageal intubation leading directly to two deaths and contributing to a third. None of these patients had capnography monitoring in place. Two were performed by junior trainees and re-intubation proved to be straightforward. In a third case, a tracheostomy became displaced, the patient developed extensive surgical emphysema and had a cardiac arrest. Re-intubation was difficult partly because of the surgical emphysema; resuscitation was unsuccessful and the oesophageal intubation was unrecognised until afterwards. In the fourth case, a patient suffered a cardiac arrest in the X-ray department. The patient was intubated with great difficulty and after unsuccessful resuscitation, the tube was found on fibreoptic laryngoscopy to be in the oesophagus.
There were two reports of difficult tracheostomy insertion with one death in a patient undergoing a percutaneous tracheostomy which was placed into a false passage. Capnography did not appear to be used.
Accidental extubation
Eighteen cases involved accidental airway displacement, 14 of a tracheostomy tube and four of a standard tracheal tube.
Of the four patients accidentally extubated while ventilated through a standard tracheal tube, three were obese. Another had a known difficult airway. Two patients aspirated during the event. Displacement most often occurred during patient movement, coughing or during sedation holds. Reporters 
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commented on lack of equipment to rescue the airway, eg intubating laryngeal mask airways, ProSeal LMA or fibreoptic laryngoscope. In two cases it was clear that there was no backup plan or failed extubation plan in place for obese patients with challenging airways. Capnography was not recorded in any of these cases and recognition of displacement was often delayed, even to the point of cardiac arrest. Inadvertent dislodgement of the tracheostomy tube occurred in 14 patients and led to half of all cases of death and brain damage in ICU. Capnography use was not documented for any of these patients. Often, patients whose tracheostomies became displaced were obese, leading to the inference that tracheostomies were0 not long enough or of adequate design for the patient' s anatomy. One obese patient had an adjustable-flange tube replaced with a dual lumen tracheostomy which subsequently dislodged and another had a size 6.0 mm ID tracheostomy tube placed during an emergency tracheostomy which subsequently dislodged during placement of an NG tube.
Tracheostomies and tracheal tubes became displaced at all hours of the day or night (47% of airway events occurred between 1800 and 0759) and attending staff did not always have the knowledge or skills to manage the problem in a measured way. There was a lack of advanced airway skills evident, especially out of hours.
In all there were 12 attempts at placement of an emergency surgical airway (33% of all ICU cases) with three failing to rescue the airway (failure rate 25%).
Haemorrhage
One patient with thrombotic thrombocytopenic purpura suffered life-threatening haemorrhage after difficult insertion of a tracheal tube over a bougie. Another patient suffered blood loss in excess of a litre after removal of a percutaneous tracheostomy that had been formed just 24 hours previously. A third patient with a pathological fracture of the cervical spine developed respiratory distress several days after surgery to fix the spine. Attempted intubation was complicated by haemorrhage in the lower airway and the patient died despite prolonged resuscitation efforts.
Patient transfer
Three patients suffered adverse events directly related to patient transfer to or from ICU; all died or suffered brain damage. In one case, a child whose airway had been very difficult to establish and which was being maintained with an LMA, was being transferred to theatre for definitive airway management when the airway was lost and the child died. In another, an oesophageal intubation was performed in the radiology department (see above) and in the third case a tracheal tube was displaced during transfer to theatre for a surgical tracheostomy. The tracheostomy was difficult and the patient sustained neurological injury.
Late complications of tracheostomy
There were two reports of complications related to the previous placement of a tracheostomy. In a third case, a patient developed stridor several weeks after removal of a surgically performed tracheostomy. The cause was presumed to be tracheomalacia but in the event proved to be due to a fixed stenosis and intubation was impossible. The airway was rescued with a cricothyroidotomy and subsequent surgical tracheostomy. In the other case a young patient with previous airway trauma pulled out his tracheostomy at home. It was not possible to insert a small tracheal tube through the stoma so an airway exchange catheter was inserted. After a test ventilation delivered with a Manujet injector, the patient developed bilateral tension pneumothoraces and surgical emphysema; the patient was hypoxic for some minutes but recovered after placement of chest drains and performance of an emergency tracheostomy.
Contributing factors
Critically ill patients are at high risk of adverse events related to airway management. Intubations are often performed urgently, in hypoxic patients with lack of physiological reserve leading to rapid hypoxaemia during airway manipulation. Equally, displacement of airways in compromised patients rapidly leads to deterioration.
Seventeen of the 36 cases occurred in obese patients (47%). El Sohl and Jaafar found an increased risk of tracheostomyrelated complications (OR 4.4, CI 2.1-11.7) in the morbidly obese. 3 Mallick and colleagues found that standard-length tracheostomy tubes were often too short for patients even with normal anatomy and that the angle between the part of the tracheostomy that sits in the stoma and that that sits in the trachea varies between manufacturers (see Table 2 ). 4 Seventeen cases (47%) occurred outside normal working hours. Staff without advanced airway skills were responsible for managing complex airway problems. In some cases it was Table 2 Lengths and angles of commonly used tracheostomy tubes. Angle refers to angle between the stomal and tracheal parts of the tube.
clear that a back-up plan, whether for unplanned displacement or for difficult intubation, was not in place.
Fixation methods for tracheostomies were not consistent, with some tracheostomies being sutured, some taped and some tied; there was no clear trend associating method of fixation with subsequent airway difficulty, although in one case there was a delay in removal of a displaced tracheostomy because of difficulty removing sutures. In another case, a patient requested removal of sutures securing the tracheostomy; the tube subsequently displaced and recognition was delayed. The patient suffered a cardiac arrest and died.
Patients who have had a previous tracheostomy may be difficult to intubate due to stenosis, tethering of the airway to the tracheostomy scar or, rarely, tracheomalacia. Such problems should be anticipated and planned for in consultation with ENT and anaesthetists with advanced airway skills.
Recommendations
The following are a summary of the major recommendations in the report; it is important that the full report be accessed for a complete list. 1 (http://www.rcoa.ac.uk/index.asp?PageID=1089, chapters 9 and 15).
Capnography
Lack of end-tidal CO 2 monitoring unquestionably led to death and brain damage, both from unrecognised oesophageal intubation and delayed diagnosis of tracheal tube or tracheostomy displacement. Capnography is the standard of care for patients with artificial airways in the operating theatre and although there are technical difficulties using continuous capnography in the ICU, it must be used for all intubations and should be used continuously in all patients with trachostomies or tracheal tubes who are being mechanically ventilated. Staff should be trained in interpretation of capnography traces, focusing on identification of airway obstruction or displacement. Recognition of the abnormal capnography trace during CPR should also be emphasised.
Airway equipment
Difficult airway trolleys must be available on all units and their contents familiar to staff. They should have the same content and organisation as the difficult airway trolleys used in theatre. A flexible fibrescope should be immediately available to check tube position, assist with fibreoptic intubation or with percutaneous tracheostomy placement.
Intubation
An intubation checklist should be available which includes strategies for dealing with difficult intubation and the 'can't intubate, can't ventilate' situation. Required equipment and drugs should be part of the checklist.
Back-up planning
Algorithms must be available for all staff for the management of accidental tube displacement whether of tracheal tube or tracheostomy, and a step-wise approach to the compromised airway. These algorithms should identify equipment and skills necessary to carry out the plan.
Cricothyroidotomy
Needle cricothyroidotomy failed frequently as part of attempted airway rescue. Manikin-based training for the procedure should be undertaken for all trainee intensivists. Training in emergency tracheostomy should be prominent both for ENT specialists and intensivists.
Staffing
Trainee medical staff should be proficient in emergency airway management and must have access to staff with advanced airway skills at all hours. Where senior staff do not have advanced airway skills specific protocols should be in place to ensure that senior anaesthetic cover can be called on to help manage difficult cases.
Patient transfers
It is evident that patient transfer is fraught with hazard and that moving patients even as part of routine care can lead to patient misadventure. All staff caring for patients with artificial airways must receive training in safe movement and transfer of patients and must be alert to the possibility of airway displacement.
Education/training
All trainees in intensive care need airway training, including basic airway management and knowledge of algorithms to deal with airway complications, and explicit mechanisms for summoning more experienced clinicians.
All intensive care unit staff should be familiar with interpretation of capnography waveforms and management of patients during suctioning and patient care to minimise hazards to the airway.
Regular audit of airway complications should occur and airway complications should be discussed at morbidity and mortality meetings and learning points implemented.
Tracheostomy tube design
It is evident that, especially for obese patients, the design of conventional tracheostomy tubes is not optimal. Discussions should be undertaken with commercial companies to ensure that there is a range of sizes, lengths and curvature in tracheostomy design to cope with patients' variable anatomy. It is suggested that this be undertaken by the ICS and RCoA or FICM.
Team working
Team-working and involvement of senior staff are vital in the successful management of airway problems in the intensive care unit. As intensive care units are increasingly staffed by medical staff whose background is not anaesthesia, it will become more important to ensure that there are clear lines of communication between the teams that manage airway problems (intensivists, anaesthetists and ENT clinicians) and that advanced airway expertise is available to the intensive care unit in-hours and out-of-hours, with clear lines of communication to escalate airway events to individuals with appropriate skills. If individuals covering ICUs do not have those skills they must know who to contact for help.
